The objective of this study was to determine the genetic parameters involved in immature embryo culture ability in wheat (Triticum aestivum L). For this purpose, five lines and two cultivated varieties were used. These lines were: C.B243, C.B245, C.B249, C.B251 and C.B253. While, the two testers were Gemmieza 9 and Gemmieza 10. The results showed the presence of highly significant differences among genotypes for all in vitro traits. This indicated that embryogenic calli induction and its regeneration were affected by the genotypes of the immature embryo donor plants. The line C.B 251 was the most responsive for both embryogenic calli ratio and regenerable calli ratio, while the line C.B243 was the best combiner among other lines in the case of callus fresh weight. The beast combination for all traits was the cross C.B 251× Gemmieza 9. Furthermore, the results revealed that both additive and nonadditive genetic variances played an important role in the inheritance of immature embryo culture traits. However, the magnitude of non-additive genetic variance was larger than their corresponding estimates of additive genetic variances for callus fresh weight and regenerable calli ratio. This finding was emphasized by the dominance degree value which exceeded unity with respect to these traits. Therefore, it could be concluded that using F1 hybrids for immature embryo culture improvement the ability to induce high ratio of plantlets.
INTRODUCTION
Wheat is one of the most important cereal crops used in human food and animal feed in Egypt and all over the world. For many years ago, several investigators have directed their research to increase the productivity of wheat per unit area by either introducing more yielding varieties or improving agricultural practices.
Plant regeneration from cultured cells and tissues is required for successful application of biotechnology in modern plant breeding programs. Plant regeneration of many cultivars of wheat obtained from culture of immature embryos has been established by Shah et al. 2003 , Nasircilar et al. 2006 and Yasmin et al. 2009 . In this connection, several factors affect in vitro cell culture. It was found that the most important factor is genetic structure of explants. In vitro, the response of wheat tissues and the efficiency of callus induction have been recognized for callus growth rate and plant regeneration which were found to be genotype dependent as reported by Zhou and Lee 1983; Racz et al. 1993; Ozgen et al. 1998; Yadav et al. 2000; Anapiiaeva 2000; Schween and Schwenkel 2003; Yadav and Chawla 2001; El-Sherbeny et al., 2001 . In this respect, De Buyser et al. (1992 detected the involvement of few genes in controlling plant regeneration. Heritability values ranged from 0.6 and 0.7 for callus formation and plant regeneration indicating the importance of additive effects as observed by Lszar et al. (1984) . In addition Milach et al. (1991b) concluded that the plant regeneration in wheat was controlled by both additive and dominance effects, with reciprocal effects having no importance. Lange et al. (1995) studied plant regeneration, embryogenesis, early germination and organogenesis of Brazilian wheat genotypes and concluded that the additive and dominance effects were significant for all studied traits. The dominance effects, especially for plant regeneration were elevated, and epistatic effects were also expressive. Barakat (1996) estimated the gene actions for five in vitro traits of immature wheat (Triticum aestivum L.) and found that the contribution of additive gene effects was not as important as the dominance gene effects. Abd El-Maksoud (2003) determined the genetic control of immature embryo culture ability and found that both additive and non-additive genetic variance contribute to the genetic expression of immature embryo culture ability traits. On the other hand, Abdel-Hady (2006) found that additive genetic effects were dominant and played the major role in the inheritance of callus growth from immature embryo culture of wheat.
Therefore, this investigation aimed to determine the importance and magnitudes of the different genetic parameters involved the inheritance of the in immature embryo culture ability using line by tester mating design.
MATERIALS AND METHODS
This investigation was carried out in tissue culture Lab., Genetics department, Faculty of Agriculture, Mansura University during the years 2009 to 2012.
Plant Materials:
The plant materials used in this study included five wheat (Triticum aestivum L) lines and two cultivated varieties uses as testers. These lines were: C.B243, C.B245, C.B249, C.B251 and C.B253. While, the cultivated varieties were Gemmieza 9 and Gemmieza 10. The grain of these plant materials were pervaded by Gemmieza Research Station, ARC, Egypt. The origin, pedigree and symbol of these lines and varieties are shown in Table1. During the winter season of 2009/2010, these five lines and two varieties were sown at the Experimental farm of Gemmieza Research Station, ARC, Egypt. At flowering time, the five lines were pollinated by the two check varieties according to 5 lines x 2 tester fashion in order to produce ten top crosses. During the winter season of 2010/2011 all crosses i.e. C.B243/Gemmieza 9, C.B243/Gemmieza 10, C.B245/Gemmieza 9, C.B245/Gemmieza 10, C.B249/Gemmieza 9, C.B249/Gemmieza 10, C.B251/Gemmieza 9, C.B251/Gemmieza 10, C.B253/Gemmieza 9 and C.B253/Gemmieza 10 were sown at Faculty of Agriculture Experimental Station, Mansoura University for immature culture purpose under field condition. 
Egypt Ald"s"/Hmac//Cmh74A-630/SxCGm4583-5Gm-1Gm-0Gm Gemmieza 9
Egypt Maya74"s"/on//1160147/3/BB/GLL/4/CHAt"s"/5/ Crow"s"CGm5820-3Gm-1Gm-2Gm-0Gm Gemmieza 10
Embryo culture procedure
To initiate callus, young spikes were collected about 15 days post anthesis from each genotype. Immature caryopses were surface sterilized under sterile conditions by immersing them for one min in 79% ethanol followed by immersion in 0.1% mercuric chloride solution with 2 drops of Tween 20 as a wetting agent for 20 mints and rinsed for 7 times in sterile double distilled water. Immature embryos were excised from each grain aseptically and cultured with the scutellm side up on the Murashige and Skoog (1962) containing 20% sucrose and supplemented with 2.0 mg/L 2,4dichlorophenoxy acetic acid (2,4-D) as recommended by Abd El-Maksoud (2003) . The pH was adjusted to 5.8 before autoclaving at 121 o C for 20 minutes. The in vitro experimental design was a randomized complete blocks with 10 crosses in three replications. Each Petri dish, containing 10 embryos was considered as one experimental unit. After 28 days of incubation at 25C˚±2C˚in darkness the total number of calli and the fresh weight of calli were recorded. Calli were transferred to MS medium with 0.5 NAA mg/L and 0.5 mg/L kinetin as growth regulator. Cultures were incubated at 22C˚±2C˚, under 16 hour illumination fluorescent light for 30 days. Then, the regenerable calli, which have green shoot primordial (green spot) were counted and transferred to the same regeneration medium in the same condition.
The data were recorded on the embryonic calli ratio (number of calli per responding embryo), fresh weight of initiated calli derived from each embryo and regenerable calli ratio (number of calli that produced green shoot primordial per number of transferred embryogenic calli).
Statical analysis:
In order to normalize the distribution of the percentage data which fall between 0.0 to 1.00 were transformed by using arcsine x 1/2 function prior to statistical analysis. The data were analyzed by using the ordinary analysis of variance method in order to test the significances of the differences among the ten crosses resulted from 5 x 2 lines by tester mating design. If the crosses mean square were found to be significant, there was a need to proceed for further analysis, i.e. line by tester analysis as indicated by Steel and Torri 1960 and Kemphorne 1957. 
RESULTES AND DISCUSSION
The analysis of variance and the mean squares of the crosses for in vitro studied traits are presented in Table 2 . Highly significant differences were found among crosses for embryonic calli ratio and regenerable calli ratio. While, the magnitudes of the mean square were significant in the case of callus fresh weight. This indicated that embryogenic calli induction and its regeneration are affected by the genotype of immature embryo donor and the further analysis for partition this genetic variance to its components could be valid. In order to partitioning the crosses to its components, Line x Tester analysis of variance was made for studied in vitro traits and the results in table 2 showed that the lines and testers were not significant. This indicated that there were no diversity existed among lines and testers in ability to respond to immature embryo culture. On the other hand, lines x tester mean squares were only significant for callus fresh weight and highly significant for regenerable calli ratio. Their mean squares were larger in magnitude than the corresponding values of the mean squares for lines and testers. This finding indicated the importance of SCA than GCA in the genetic behavior of these genotypes with respect to these in vitro traits.
Mean performance of crosses for the studied traits are presented in Table 3 . The greatest mean frequency for all in vitro traits was observed in the combination C.B 251× Gemmieza 9 with means of: 5.87, 22.28 and 10.51 for embryogenic calli ratio, callus fresh weight and regenerable calli ratio, respectively. The means showed that no specific cross was inferior for all studied traits. However, C.B 253×Gemmieza 9 was the inferior cross for embryogenic calli ratio, the C.B 249× Gemmieza 10 was the inferior for callus fresh weight and the C.B 249× Gemmieza 9 was the lowest cross in regenerable calli ratio. Estimates of general combining ability effects of lines and testers for studied in vitro traits are given in Table 4 . Positive and negative estimates would indicate that a given much better or much poorer than the average of the group involved with it in line x tester mating design. Among the lines examined, C.B 251 appeared to be the best one for embryogenic calli ratio and regenerable calli ratio. While C.B243 was the best combiner among lines in the case of callus fresh weight. For testers, the variety Gemmieza 9 was better than Gemmieza 10 which showed positive largest magnitudes for all in vitro traits. Thus, these good combiner varieties possess favorable gene for improving hybrids and could be utilized in a traditional breeding program for improving the ability to embryo culture.
The specific combining ability effects of the crosses for the studied traits are presented in Table 5 . It could be seen from this Table that the best specific combination was C.B 251× Gemmieza 9 which exhibited highest positive value for improving all in vitro traits. This finding indicated that the best combination must be resulted from crossing two good general combiners. The estimation of the additive (σ 2 A) and non-additive (σ 2 D) genetic variance in addition to heritability in brood (h 2 b ) and narrow sense (h 2 n ) as well as dominance degree ratio (D.d) were presented in Table 6 . The negative values obtained for variances were considered equal to zero during the calculations of heritability and dominance degree. The results indicated that the magnitudes of non-additive genetic variances were larger than their corresponding estimates of additive genetic variances for callus fresh weight and regenerable calli ratio, indicating the predominance genes with non-additive effects in the inheritance of these traits. On the other hand, the magnitude of additive genetic variance was only larger than non-additive genetic variance for embryogenic calli ratio. This suggested that both additive and non-additive genetic variance may contribute to the genetic expression of immature embryo culture traits. These results are supported by other findings by Barakat (1994) and Abd El-Maksoud (2003) .
High broad sense heritability estimates and low narrow sense estimates were recorded for all in vitro studied traits. These values ranged from 45.08 to 78.96 for callus fresh weight and regenerable calli ratio, respectively. This result indicated that non-additive genes play the major role of genetic effects in the expression of these traits. In addition, the dominance degree ratio was larger than unity in the cases of callus fresh weight and regenerable calli ratio, emphasizing the role of non-additive genetic variance in the genetic expression of these traits. These results are in common agreement with Lange et al. (1997) , who found that a complex gene action with additive and dominant effects would be controlling in vitro traits. 
